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BESER I, F— 15 DNA 254 00t 25 1 35, 22 &
TR 7 5 45 A A ok 2 2 IR B S S 2 R 1Y) A 4 g
g6 WA IR B 5 U = R A HE T A2 R AR AE H AN
BV IG BT . R bZIP %% 5 -3 od 9 15
T DR 2R A KT 2 55 A D e 9 R R B
it e . XTI T bZIP B s R F 1 sr M 2 0L =
G WL 5 B R B 1 25 4 DR ST P R — i R B 1 A AE
R A Z A, ot TGA #1 GBF WA~ % %
B AIE S 55 39065 A Ry 2 8 DA SE 0 AR ST
V20 R Jif K A R 3R 1 T — A~ bZIP % e S K+
H GhSEDEG38 TE#h Ab ¥ T 1) 25 7 3R 15, i 1o
RNAI AR5 3] 32 3k 5 B AR A 5% 55 844 %}, 43 B 3L
R AR T B30 1N 25 14 T g . LA R A AR BT £ T
BE MR AUE AR,

1 MRS

oM
el B TR A7 AR b L Bty B A (Gossy pium hirsutum
LOYZ1 dy e bl K 27 15 1y 5t 1% o0 R Tl 5% o 5
0 S AR AL L B8 A7 A R 1) Bl A A Ak B 359 7E B R R =
B SRR AL R AR = 04T . R FF I A #E TOP10 Rk
FER T Mk EHAL05 FR 2535 BT 78 55 50 % R A7 - pHells-
gated #HAK B L] B Gent K¢ Familienaam Voor-
naam FEZ % ; BRI 4 N UG B NEB 2\, BP
Y HF I A Invitrogen, DNA #& B, 5t k7 £2 B &
PCR 2lifb il & A R AW AR 7 . qRT-PCR
KA A ABIL A Al 5 5§ SuperScript]Il 15 H
Invitrogen 2\ ) » TA T 31K pGEM-T I B Pro-
mega 2\ H) .
12 (RBEER A XE IR ER R EFIFE

FT A 5% o AR IR & A= 10 32 8 % P i e 1 — &R
G 2 5 F R MR S 0 RAIF ST EE IR 40 A i
FIBWFE A 5, 53 5w 4 5 GRSEDEG1- GhSE-
DEG40, il it ¥ it 51 ¥, ¥ GRSEDEG1- GhSE-
DEG40 3 A #] ] RT-PCR #l qRT-PCR # 17 3 5%
FEIRBER 3T, B B R [ 306 5% 4% 44 40 B (100 pmol /L
NaCl,12.5% PEG6000,100 pmol/L ABA), LA IF ¥ 2k
K S Ty et B B BE R W38 R 25 5 R GR I B RT-
PCR Ml qRT-PCR W #E S BOCHR[17 ],
1.3 GhSEDEG38 E R 5 5 o 17

GhSEDEG38 # [ By #H & 4% ¥ 18 1d peptide-
property-calculator Chttp://pepcalc. com) 3 1T 47
Br. GhSEDEG38 2K 11 #9 4% #4 38% Ji ScanProsite 43 H7

1.1

(http://expasy.org/tools/ scanprosite/) , M NCBI £ 4
J v 43 ) 16 BRUAUL B I A R K s 5 GRSEDEG 38
[m Y6 Y 3 ) (AT 3G 62420, AT 4G 34590, AT 1G75390,
AT 218160, Potri. 002g196200, Potri. 014g120800,
Potri. 005231300, Potri. 004g158200, Os12G37410,
Os05G03860,0502G03960, Os09G 13570) 1Y 28 HL 2 7 41
K fiti b A rb [A] IR KR I (GRDO7G1271, GRA11G3073,
GhDU1G114T) W @ H: 2 )7 51 I ClustalX B4 i
(AR S N o S o B A1 B I e A U
Plant-mPLoc Chttp://www. csbio. sjtu. edu. cn/
bioinf/plant-multi/) #EAT M . 3 K 0 5 3h -+ )5 51
Ay M1l 33 PlantCARE Chttp://bioinformatics. psb.
ugent.be/webtools/plantcare/html/) #E47 HM .
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RNAI M £k A, &1t GRSEDEG38 3 [H &
A attBl Fl attB2 # 3k (9 5] ¥ (GRSEDEG38Ri-F:
GGGGACAAGTTTGTACAAAAAAGCAGGCTGG-
CCAGCGAGTTCTTCTGATTC ; GhSEDEG38Ri-R:
GGGGACCACTTTGTACAAGAAAGCTGGGTCAC-
ATTCCATCTCAGCGTAGCG ), LA YZ1 # & ¢DNA
M PCR §7 593515 attB-PCR 7=y ¥ 97 18 7=
5 pHellsgated #E47 BP J i, BP & 7™ 9 5 46 K
Jo T TR IR 32 25 20 L 35 3% IS Pk B s e 51 ) (35S
F: CTGACGTAAGGGATGACGC; GRSEDEG 38~
R: ATCTTTCTGCAATGCGCTCAC) # I BH 1
Xof BE 1 2 v B 4R BRUTORE ] X Ho LRI X Bal 15 R il 11
K N DD 8 433 204 B DDAS D, B DA - B 75 3% B2 1E
By, s Tl DI AG I L A 1) R s fE EHLAL05 SRA7- 4% 1 .

i A B 388 A% 7 Ak S bk B A O AR HLIR S RS
Bk 24 19617, ¥ &4 RNAI-GRSEDEG38 # 1k it
LI AT T AR A6 T TR 0 T Rl 2R AT O R B
IR A AR 1 Wk, B B AR R FE AR P
BN 55 b 2 AR R 2 K, it A P A
TR E e,
15 HERAMBHNSTFETE

DAL R FE I MR BH M 2 8 . I 0.1 g M AR
PR BN o, 2 Ik K B9 CTAB 3 H2 BUR A8 19 4
DNA™ % 15 %] i) DNA & ¥ s B 5] 100 ~ 200
ng/pLAE R PCR I 0 &, 5195 (35S-F. CT-
GACGTAAGGGATGACGC;  GhSEDEG38-R:
ATCTTTCTGCAATGCGCTCAC) # 7 PCR ¥
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PRAT G BRI T AR BH P 1 e TR B bk K T, AR bR &R
R AR A0 Bk 1 5 X 20 DNA, 38 18 Southern 2% 38 6
T 2t 5 DR AR 1 4 DL, ELAR 4 2 IR SCik[24 .

3) Jt JH PR R AR ik TR 3R 3k /K- S5 5 . 43 il BB
YZ1 B4 i Fe DR BE R Bk 1 i s SR O R 1Y) S A 0
M I3 2 B RNA | gk K6 00 5 o o, 4l
NanoDrop il RNA ¥, HG 4 19 RNA i i
17 B % 5% B cDNA, 7 B 50 % J5 1F i B, D
GhUbi T fE AN Z, il it RT-PCR ¥ I H b 3 4 (1
Rk,

16 HEBERMBMERIYE

N T HF5E GhSEDEG 38 £ A AL 25 Jiik 361 iy 37
T BE - X 1 R 36 BRI 21 R b kL BT BB L 32 4T
RIER AL B, SR YZ1 o T AU 3L H 4l 2 Fh 7,
EFRJE R T 1/2MS 8 55 HPY L % F 100, 150
mmol/L 2 /> NaCl ¥ & b #E4H , DL 1/2MS 15 57
FE X I G EE SR 48 h S B MR AR A A B R 5L Bl S
TE 28 ‘C FIYCHRKE IR 1 J8, LA R A, 3 58 4l o
KAghr., KRS 3 AEY¥ER . BREL R
30 R R,

B3 b R I R K 55 A B YZ1 K T,
RECFLA 4 ZFF 85 & J5 . R A Hoagland 1% 3% &
HATKEER 2 L, B 150 mmol/L NaCl iy 4b B
H, LI NaCl # Hoagland 35 3% W R %F I8, A4k
R 6,12 F1 24 h BOFEFEAT AT VRS . MDA FiE P4
FEMIE R SR 1 R R R R R AL, RE 3 A
AW s A EE R 30 kR,

1.7 B . ISHUENTAEESENNE

D EE (MDA & /il . R A TCA .
B2y 100 mg X f K T bk R Ao A, 87 J) Y S
fn2 mL 10% =8 MR (TCA), FH ¥ B HF ok & T
VKBRS A ROR, Bl 2 mL B LR, FE
12 000 r/min T 4 “C &> 10 min, B L35 0.8 mL
(VO ZEH 2 mL WO P, [ HAFMA 0.8 mL
0.6 % HACEL L Z MR (TBA) JRAJE1E 100 °C ¥k
#15 min, 7EVK B2 BRIV A1 2.0 M BV . 4006
HEEETH 4 50 22 i W AE 450,532 1 600 nm Ab 1Y
M. IR AR C=[6.45X (D5, — D) —
0.56 X D 5 1 X (V, XV) /(V, Xm) 5 MDA #JE,
Hri vV, OBV R, mL 5V, R SN AR O R

mL ;V MR B B mL sm SRRSO . g,

)i AL A (H, O 8 7l . SRR &k,
H X BRI T 95 Mk R 09 5 B TR AR BS L B 100 mg
LA ZE 2 mL EOE T, LRV 1 mL i
AN . 23% 20 min,4 °C ,13 000 r/min B> 15
min, W EWE W B H B OE N TR ER, #%
A A& quantification kit(Sangon Biotech, [ )
PEAE Y 7 R HL O, EATI0 22

AT VEBE A A E . SR - R v,
100 mg XF 1B K T3 kK R A LK 200 pLl L BERE
k1 R.60 Hz BEFE 1 min, BESEJE4MKE 1 mL. IR
57,80 °C 7K ¥ 30 min, B ¥ 21 2 & &, 12 000
r/min 0> 10 min, B0 5B EE IR B 5 45, B
Fis B 3R O (B8 0~ 200 g/ mLL H6 B 45 %5 8 A
WO100 pl T 2 mL 808, S48 0 A B R 8 X 57
(0.2 g BEI% T 100 mL 98 % W IR 200 pL., iR
57,90 ‘CKIE 10 min, B Y2 20 2 % i BRET 25 .0 5
BRI 200 pL, BEFR A E 620 nm W OGIE AR 4
SRR AL RS E s - i
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SERIXE XN T 40 4, # i+ RT-PCR fil qRT-
PCR #47 R b BRF AR A D 73 B, S5 R RV IR 2
N Z —Fh g LM 5 S, b GRSEDEG11,
GhSEDEG19.GhSEDEG22.GhSEDEG 36, GhSE-
DEG38.GhSEDEG39 . fl GRSEDEG40 £ £; W38
TR i SR A KR kAR (B TAD . 1R
GhSEDEG 38X} HAE A [A] % 58 4b B R (100 mmol/L
NaCl,12.5% PEG6000, 100 pmol/L. ABA) i 17
qRT-PCR 43 #7, K BEHAE b 52 30155 5 0 35 Bk
KLZERR R B AL 4 h W bR ik, PEG Al
ABA b ¥R A — i 25 5 K38 (Bl 1B-D), B, A&
9% P B GRSEDSG 38 #f — 4 tf 7% H Xt £ Wy 36 1
M) )3

GhSEDEG38 JEH 4 — A& 47 136 D2 FE R
B R TR N 15.6 ka, L5 R 7.79, P
G143 M7 % Bl GRSEDEG38 3 [H J& T bZIP Z ik . B
A bZIPHG 55 PR MY () 6 1 5 24 R or B 445 )

21



o R R R 537 &

— X} H& Control B
0.9~~~ NaCIAL I 0,6.—311%?}&&!51“‘01
’ 100 /1. NaCl -
mmel g - 100 mmol/L NaCl
e e s - 5 1
TR G/SEDEG19 e s % /
o . o ’ = . 4
T GisioiG i £ S e HE oot/

A TN ¢ SEDEG36 ®E ool ®E
EESNSRSESS === = RN =z 2 / =z
PP G/iSEDEG39 =3 /’ =

A3y 7
et /1S =DEG40 SR S——— &
| —— — — — — — — — — — ey
S -+ x® —~ <+ X —~ T+ ® — o < 1 J
22 zizzZZri i< 2 ().OO é i 0~(‘0 > 4
I [a)/h Time I [)/h Time
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o o =] - o Y-

Z 0.25 Ao, B 'z B A mr
a3 § 0.20 I Leafl/ i iz § o 0.12 it Leaf/} Iz o K N oot
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0.0 —
0 1 2 4
I [A)/h Time i [8)/h Time I5FE)/h Time ISF[E]/h Time

AT A FE RN TR AL BR 1 RT-PCR 34 s CK RR XA B NP LA 23513 7R 100 mmol/L NaCl,12.5%
PEG6000 Fl 100 pmol/L ABA ZbFH;0.1.2.4.8 4} 5 /% AL BLAY I ] . h; B: 100 mmol/L NaCl 24k B N GhSEDEG 38
MK ;C:12.5% PEG6000 43 F GRSEDEG38 W) #3513 ; D:100 pmol/L ABA 23 F GhSEDEG38 ) #
IBELGRULIT (DQI1644D) NS AN KB 3 MW B A REZ R E 3 MIREL . A:RT-PCR analy-
sis of 7 transcription factors in response to different abiotic stresses.N, P, A respresent 100 mmol/L NaCl,12.5%
PEG6000 and 100 pmol/L. ABA treatments.0,1,2,4,8 respresent the hours of treatments. B: Expression patterns of
GhSEDEG38 under 100 mmol/L. NaCl; C: Expression patterns of GRSEDEG38 under 12. 5% PEG6000;
D:Expression patterns of GRSEDEG38 under 100 pmol/L ABA treatment. The GhUbi7 (DQ116441) was used as
the internal control to calculate and normalize the expression levels. Three independent experiments were performed
as each with three technical replicates; the error bars indicating standard deviations.

B 1 74%%REFH RT-PCR 9 #1 & GhSEDEG3S My RIAEK 547
Fig.1 RT-PCR analysis of 7 transcription factors and gRT-PCR analysis of
GhSEDEG 38 in response to different abiotic stress
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DERKRKRML SNRESARRSRIRKQKQLEDLVNEVSALQKDNSQLSEK IHVT TQRYAENE-~

Predicted feature:
DOMAIN 14 n b2IP

AT1G75390 (AtbZ
AT2G18160 (AhZIP2)
AT4G34590 (AbZIP11)

AGhSEDEG38
GhDO7G1271
GhA11G3073
GhD11G1147

Potri.002¢196200 i < e (136aa) is:
B e 20800 Your input sequence (136aa) i
AT3 0 (AtbZIPS3) -
0512637410 (0sbZIP87)
0s05G03860 (0sbZIP38) NVTTQRYAEMECANNVLRAQAMELTERLRSLNSVL SPwL
PCPVQPIMALADMFEC

e
21P71) .
Plant-mPLoc Computation Result

Potri.0055231300
Potri.004¢158200
AT4G34590 (AtbZIP11) hmy proleinll‘ndic(ed 1uunli0u(>}|
ATIG75390 (AthZIP44) | 38 i Nucleus. |
AT2G18160 (AthZIP2)

0.1

A:GhSEDEG38 #5143 H1 s B: JL/AN#Fh s GhSEDEG38 [7l I 2 1 i L 43§75 C: GhRSEDEG38 5 HoAlb bZIP #%
ST H ST IXFFI LR s D: GhSEDEG38 25 119 % £ Bl 458 . A+ bZIP domain of GhSEDEG38; B: Phyloge-
netic analysis of homologus protein GhRSEDEG38 in different plants; C: Phylogenetic analysis of conserved domains
in bZIP transcription factors; D: Localization prediction of GhRSEDEG38.

B 2 GhSEDEG3S8 Fr 5l & i#t 4k ¥ 53 #7
Fig.2 Phylogenetic trees and sequences analysis of GhSEDEG38
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M 14~71 & FER 4 (] 2A) s GRSEDEG38 5
AN TR) A e [ R 3k B A2 3k R HE G & SR R B
GhSEDEG38# 1 5 # t Potri.002g196200 [A]
PEfc, 5 EE T T AT3G62420 (AthZIP53) [ I
(I 2B) 5 1M H bZIP BB M DX 38 R 52 20 1 i 45 7
BAEAS TR A ) B A AR &5 A PR <F 1 (Bl 2C) 5 Plant-
mPLoc W ¥ i il GRSEDEG38 & fii T 41 i #%

=1

(K 2D),

FIH PlantCARE 7E £ 7l il GRSEDEG 38 I i
1.5 kb Ji g X8 0 = /E F T 44, & B IX 48
FETE R B AR )R QN SR F1 1R « & s T 7K A% 2 Wil 1o
JC s WAFAEAR 22 40 ' | #4 | B AE R 305 55 ) 17 T A
(£ D il HHEW GhSEDEG 38 1 #8 2 5 48 ¥y 106 5%
uSERL AN

GhSEDEG38 BEE B Zh FX IR 1A T4 aIFl

Table 1 cis-Element analysis of GRSEDEG 38 gene in G. hirsutum

# FR Name F %1 Sequence {7 & Position g Function
Wi D
ARE TGGTTT 1176 e WW .
For the anaerobic induction
SRR R ) 7 7T A
CGTCA-motif CGTCA 967
o mot Involved in the Me] A-responsiveness
S SI®
ERE ATTTCAAA 516,756 LA R R
Ethylene-responsive element
S —
G-box CACGTT 786 RIS
Involved in light responsiveness
B 7 6 A
HSE AAAAAATTTC 511,656,713 | PARBDLAE
Involved in heat stress responsiveness
MYB 2§ 5 i
MRE AACCTAA 913
MYB binding site
0 3 B
TC-rich repeats ATTTTCTCCA 508 . By ) 12 5 0 )32 .
Involved in defense and stress responsiveness
J A = (1}
TCA-element GAGAAGAATA 28,413,104,861,336 . k&,ﬁ& ru]ﬂjjl:“ .
Involved in salicylic acid responsiveness
Circadian CAANNNNATC 117,416 I AAE & I6HF Involved in circadian control

2.2 GhSEDGE38-RNA| ikt s EEH Kk
EREMREE

T W58 GRSEDGE 38 7£ it i # v (1) 2 RE , 1%
B 200 bp K& A 4i 5 X4 # GRSEDGE 38 T & ik
I (GhSEDGE 38-RNAD - AL 46 (] 3A) , 3k
7 ToAREE L DR AR . DASE L A FR T R DNA S
M, 47 PCR ¥ 31 . 25 S 3¢ WY e 366 A BH Pk 38 8¢ 1
(K 3B) . BEIEP PP EAT R 22 B 2 2 T,
AR LRG0 BARR A B DL, & B 38-2 N 38-3 Sk AL D
PRFR 1M 38-5 Al 38-9 K ZHE VbR R (K 30), & &
PCR il % B U ORL Y R Gk i, B 4 A>T bR
() ¢ 35 35 FRAR (I 3D, i B H 2 AN B Il
(38-2 Fl1 38-3) Fil 1 > 2 5 Ul Bk R (38-5) 17 J5 &L
I3
2.3 GhSEDGE38-RNAI % £ F # £ #f % #i xf £
Fifn 38 B ) Rz

TEATR I NaCl #5577 5 v, 5 35 Kb RL7E B
EWI M AKE T XM ORRS 5, UL T

GhSEDGE 38X A K & & A — & % W ; 7 NaCl
b BRI 25 AT A AR 2B AR A2 BB B
FARGE A T R AN ) R 4 L T R L AR
ZH|—E RN H (B AA-B) . 1EIF % 15 50 F Alib
FRIGOLT , T MR T R4 5 35 I 35 % X iR
2 ITITEC N7 B 1S S R 2 & O N R e 1 S S
100 mmol /L Ab B4 XF B IR 5l 4 b e & 1
4R 2.91% 1 3 EE LR RE R 45 23.1 % .
27.5% H1 26.9%,150 mmol/L £k &b B {di %f B F IR
A FEIE W 00 R 46 08 30,4 90, 17 3 T ik P Bk
RO 5 40.3%.39.6% M 41.9% . [FIHF, IE#
LT, T ¥Rk R 38-3 Ay &E 5 i L X HE I 3% P AIG
HoAh ¥ Bk R & S 0 IR TG B3 22 55 100
mmol/L F1 150 mmol/L h4b BRAS T 35 £k & 00 &E i
B ERL(E 4C0) . W GRSEDGE38 T ¥ #k &
Xof 3 Foih 36 B AR

— AR DL R S R 2 2T T M R R v T
PERR R, AR EE SRR A MR SR B S L T
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%37 &

A — e LT M AEE A 24 h )5,
GhSEDGE 38%% 5L [H A BL vl i M b & & 3 B E (LT
X RER B C(E SF) . #hAbEE 12 h MDA I 52 45 % &
7R 5 1 H AL B IR A L . GRSEDGE 38 %% 3E R #k &
XS MDA & e sh A PR T ¥ 7 H 2,
FEREDRIBR R o MDA B 50 Fh s 12 B I 358 T 0 B
(K 5G), %W T # GRSEDGE38 il & T £h &b ¥ 3%
WA E . H, O, 7 e 45 R R W 76 IE 3 4R

A 17
1 1

ATG

RNAi

M 5-1 5-2 5-35-45-55-6 9-19-29-3YZ1

-
-
.
D -..- - -
L
-

KA PRBE T . 87 A AT Bk A5 JE R Rk R RN HL O,
ERTRELZS. IhABE, B A AU fR I EE SE
PRARN H, O, & i ¥ 7t i (02, 55 W5 A BUAR PR AH
P f 2 MR AT H O, S RN iRE ST
AR (E SHD . XS5 BRI, 9 GRSEDGE 84
A6t 38 T AR, 1T RE S5 T R Rk 3 0 T R
(R B2 I B R W 3w A B o AR A R
AR,

M1 N 1

23 456 7891011 PM2

M 2-12-2 2-3 2-4 2-52-6 2-72-8 2-92-10YZ1 M 3-1 3-2 3-3 3-4 3-53-63-7

-

0.081-

AT 3R K
Relative expression
o
o
N

0
YZ1 38-2 38-3 38-5 38-9
¥k %& Lines

A:GhSEDGE38 T # X B ; B:GhSEDGE38-RNAi # 3 [H #1 £ () PCR FHPEXE N YZ1 BIEXT IR, P %R

FH A R BB, 1~ 11 Fem bR To 48 bk . M1 1 M2 % 7% DNA Marker; C-D: % 3 [ #1 ¥t Southern ¢3¢,

2-1 3

2-10 KK H T 382 BRARM T2 19 10 M8k, 3-1 3 3-7 KRR AT 38-3 BkERM T 1 7 A 8kk.5-1 3] 5-5 KRk
T 385 BREIM Toy 6 NBAKE,9-1 3 9-3 R/RKH T 389 BRI T2 3 DEAKE, YZ1 HHIFEXT B R .M ER

Marker; E:GhSEDGE38-RNAi T ¥tk ZR 9 F ik 5 A, YZ1 g B MEXT BE

A: The sequence region for RNAI vec-
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Fig.3 Construction of GhSEDGE 38-RNAi vector and the analysis of transgenic plants
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Functional analyses of cotton salt tolerance regulated
by GRSEDEG 38 gene in cotton

ZHANG Boyang JIAN Yinan LI Meng YANG Xiyan ZHANG Xianlong

National Key Laboratory of Crop Genetic Im provement /College of Plant Science and Technology »
Huazhong Agricultural University ,Wuhan 430070,China

Abstract A series of differentially expressed transcription factors were selected from the expres-
sion profiles of somatic embryos at different stages of cotton regeneration. The expression of GhSE-
DEG38 (somatic embryogenesis differentially expression gene 38) was significantly up-regulated by salt
stress by analyzing the expression of these transcription factors under different stress treatments with
RT-PCR and qRT-PCR.Sequence analyses revealed that GRSEDEG 38 encodes a bZIP-type transcription
factor that is homologous to the Arabidopsis bZIP53 gene.In order to further verify the function of the
gene, RNAI interference vectors of this gene were constructed and transformed into cotton,and transgen-
ic cotton lines with significantly reduced expression levels were obtained through molecular detection.We
compared the growth index and physical parameters between RNAi and control lines under salt treat-
ments. The results showed that the down regulated expression of GRSEDEG38 reduced the resistance of
cotton to salt stress during seed germination and early seedling stage. The MDA content and reactive ox-
ygen species in transgenic plants was significantly higher than those in the control line, while the soluble
sugar content was significantly lower than that in the control line.It is indicated that GRSEDEG 38 might
be involved in the response to salt stress in cotton.

Keywords cotton; bZIP(basic-region leucine domain zipper) ; GASEDEG38 (somatic embryogene-

sis differentially expression gene 38); RNAI; salt stress response
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